Mesta (Hibiscus sabdariffa) is one of the important fibre crops having worldwide acceptance. The crop was found to susceptible to a number of seed and seedling disease causal pathogens; most of them were seed-borne in nature. Germination of seeds and seed-borne fungi were recorded using standard blotter method which varied significantly among different treatments ranged from 84% to 97.33%. The highest (97.33%) germination was found in case seed washed with water and then treated with garlic extract (1 : 1) and washing of seeds with water followed by treating with Knowin 50 WP. Nine different fungi were detected in samples of mesta seeds in using standard blotter method. The fungi were Macrophomina phaseolina, Botryodiplodia theobromae, Colletotrichum corchori, Curvularia lunata, Fusarium spp., Aspergillus favus, A. niger, Penicillium spp. and Alternaria spp. The finding of the study revealed that seed washing with water followed by seed treatment with garlic extract (1 : 1) or Knowin 50 WP (0.2%) resulted significant reduction of seed-borne fungal population and enhancing seeding vigor.
INTRODUCTION
Mesta (Hibiscus sabdariffa) produces bast fibre and is used as a substitute for jute. It is also attracting the attention of food and beverage manufacturers and pharmaceutical concerns who feel it may have exploitable possibilities as a natural food product and as a colorant to replace some synthetic dyes (Cook et al., 2000) . Some people of Bangladesh use young fruits and leaves of mesta as vegetable. Worldwide, it is known as Roselle and is popular in the western world because of its eco-friendly nature. Its versatile fibre has unique properties to the best raw material viz. cordage crop to produce twine, rope, gunny bags, sackcloth, specialty papers, tea bags, grass mats, fibre glass substitute, blended with plastic, or blended with cotton for fabrics.
Diseases have been reported as a limiting factor to the production of mesta worldwide. Mesta is susceptible to a number of seed and seedling disease pathogens, most of them are seed-borne in nature. Dempsey (1975) reported that Rhizoctonia solani, Pythium spp. and Fusarium spp. were primary causal agents of seedling diseases of fibre crops, including mesta. Boulanger et al. (1984) found that F. oxysporum causes infection to stem and pod of the young plants of H. sabdariffa. Seed borne diseases reduce yield and market value of seeds. The pathogens can damage the crop and shrivel seeds within the pods or kill the pod stalk before seed formation. Although so much human control efforts and the use of fungicides is being devoted to the preservation of seeds, over 40% of harvested seeds can be lost through diseases (Tsai and Ou, 2002) .
Seed treatment, generally with a combination of selective fungicides, is a standard practice for control of the seedling disease complex (Minton and Garber 1983) . White et al. (1971) reported that kenaf emergence is generally greater for chemically treated versus non-treated seeds. Cook et al. (1992) found that seed treatment combination of metalaxyl, carboxin, and captan consistently resulted in greater stands than those achieved with non-treated seed. Seed treatment with chemical is costly as well as is not friendly to environment. So, beside seed treatment, physical seed cleaning is important practice for reducing disease after sowing. Hasan (2000) reported that physical seed sorting of rice seeds resulted 8.33% germination increase over non-sorting seeds. Asad-ud-doullah (2002) published that seed cleaning, washing and seed treatment reduce disease incidence of rice seedlings. No systematic work has been done on the seed-borne diseases of this crop for assessing the seed-borne infection and seed-borne diseases of mesta in Bangladesh. Therefore, the study was undertaken with mesta seeds with the following objectives:
i. To know the seed health status as well as seed-borne fungi association in farmers stored mesta seeds ii. To compare the efficacy of the different seed treatments in reducing the incidence of seed-borne fungi of mesta seeds
MATERIALS AND METHODS
Farmer's stored seeds of Mesta cultivar HS-24 (H. sabdariffa) were collected from five farmers of sadar upazilla of Barisal district. The seeds were then kept in brown paper bags and stored in the refrigerator at 4 o C in Seed Pathology Center (BAU) until use. The experiment was conducted at Seed Pathology Center (SPC), Plant Disease Clinic and M.S. Laboratory, Department of Plant pathology, Bangladesh Agricultural University (BAU), Mymensingh. The experiment was conducted during the period from January 20l2 to May, 20l3.
Total six treatments were applied for the experiment which were T 0 = Control, T 1 = Water wash, T 2 = Garlic extract (1 : 1), T 3 = Water wash+ garlic extract (1 : 1), T 0 = Knowin 50 WP (Carbendazim) @ 0.2% and T 5 = Water wash + Knowin 50 WP @ 0.2%. Garlic extract was prepare by using the method described by Hossain et al. (1997) . For water wash, 5 g of seeds were taken in petridish and washed with running tap water properly. After wash, seeds were placed in open air for drying (4-5 h). Seed treatment with garlic extracts was done by dipping seeds in previously prepared garlic extracts (1 : 1) for 20 minutes. Chemical fungicide, Knowin 50 WP was tested as a seed treating chemical. Five grams of seeds and .01g of Knowin 50 WP were taken in a 250 ml of Erlenmeyer flask and were shaken for l0 min for proper coating. The treated and untreated seeds were tested for seed-borne fungi following the standard blotter method (ISTA, 1999) . Four replications were conducted for each sample. After incubations, the germination of seeds and yielded fungi were counted.
The incubated seeds were observed individually under stereomicroscope and the associated pathogens were detected by observing their growth characters on the incubated seeds on blotter paper following the keys outlined by Khan and Islam (1975) . For proper identification of fungi, temporary slides were prepared from the fungal colony, observed under a compound microscope, and identified.
For examine seedling vigor, treated mesta seeds were sown in trays containing sands. After 10 days of sowing, shoot length and root length were measured and seedling vigor was calculated as vigor index following the formula given by Baki and Anderson (1972) . The collected all data were analyzed and mean differences among the treatments were compared by Duncan's Multiple Range Test (DMRT). A statistical computer package MSTAT-C was used for analyzing the data.
RESULTS
Germination of seeds and seed-borne fungi were recorded using standard blotter method. Germination significantly varied in different treatments ranged from 84% to 97.33%. The lowest (84.00%) germination of seeds was found in untreated seeds (T 0 ) and the highest (97.33%) germination was found on Water wash + garlic extract (T 3 ) and Water wash + Knowin 50 WP @ 0.2% (T 5 ) ( Seedling vigor of mesta seeds were tested against different treatments. Mesta seed samples showed highest percentage of germination (83.00%) in T 5 (Water wash + Knowin 50 WP), whereas lowest percentage of seed germination (68.00%) in T 0 (Control) (Fig. 1 ). Higher shoot length (16.32 cm) observed in T 5 (Water wash + Knowin 50 WP) and whereas lowest shoot length (13.20 cm) was observed in T 0 (Control) ( Table 2 ). Higher root length (13.02 cm) was observed in T 4 (Knowin 50 WP) whereas lowest root length was observed in T0 (Control). In vigor index, higher vigor index was found in T 5 (Water wash + Knowin 50 WP) and lowest vigor index was in T 0 (Control) ( Table 2) . 
DISCUSSION
Seed-borne fungi is one of the major factor of low yield of mesta fiber and quality fruits. In this present work, the seed-borne fungi associated with the mesta seeds were investigated as well as their control measures were studied. Detected nine different seed-borne fungal pathogens were associated with mesta seeds (Table 1) . Limited research works are published on mesta (H. sabdariffa) seed quality and health. Diseases have been reported as a limiting factor to the production of mesta worldwide. The cultivated plants are susceptible to the various pathogens such as Phytophthora parasitica, Phoma sabdariffae, Rhizoctonia solani (Gomez-Leyva et al., 2008) and F. oxysporum (Amusa et al., 2005; Agbenin and Ogunlana, 2006) . Nwaukwu and Ataga (2012) reported the associated fungi with H. sabdariffa seeds, viz. A. niger, A. flavus, F. oxysporum, P. chrysogenum and P. roqueforti using both blotter and agar plate methods. Singh et al. (2013) studied seed mycoflora in mesta and reported the association of different genera of fungi viz., Alternaria, Aspergillus, Curvularia, Drechslera, Fusarium, Macrophomina, Mucor, Rhizoctonia, Rhizopus, and Streptomyces on seeds of mesta which were collected from different localities of India. These results indicate that there is a variation among different seed sources with regard to seed mycoflora appearing on the plated seeds.
It is expected to be a natural phenomenon that the percent of seed germination should be increased in case of treated seeds than that of untreated seeds. Similarly, many workers found the same phenomenon when they treated the different crop seeds with different fungicides (Wahid et al., 1995 and Singh et al., 2013) . Different treatments were used for controlling seed-borne fungi of mesta in this experiment. Mesta seeds cleaned with water (Water wash) and treating these washed seeds with botanicals (Garlic extract) or chemical (Knowin 50 WP, a fungicide of Carbendazim group) showed high germination and high vigor index comparing with the single use of these treatments (Table 1 and Fig. 1 ). Till now, some researchers used single treatment for controlling seed borne fungi. Ahmed and Sultana (1984) stated that jute seeds treated with garlic paste increased rate of germination and decreased rate of post emergence seedling mortality. Kabir et al. (2007) published that farmer's stored wheat seeds washed with water or brine solution increase seed germination and suppressed the incidence of Bipolaris sorokiniana. Hasan (2000) reported that rice seeds become free from Bipolaris oryzae when washed with brine solution. Panna et al. (2009) also reported reduced fungal association in seeds washed with brine solution.
These results, in conjunction with the study, provide conclusion that nine different fungi were associated in collected farmer's stored mesta seeds. This is the first study on detection of seed-borne mycoflora of mesta seeds in Bangladesh. Fungi associated mesta seeds reduced seed germination and vigor. Seed treatment with garlic extract or chemical was effective technique for reducing seed-borne mycoflora of mesta seeds, but it would be effective better when the seeds were cleaned with water (Water wash) before seed treatment with botanical or chemical fungicides.
